Total lipid content in Ehrlich ascites carcinoma cells decreased gradually with considerable fluctua tions in the course of cell growth.
Total lipid content in Ehrlich ascites carcinoma cells decreased gradually with considerable fluctua tions in the course of cell growth.
There was also remarkable fluctuation in individual lipid component.
A gradual decrease in the quantity of phospholipid during tumor growth was responsible for a decrease of total lipid.
2) The main components of phospholipids in mitochondria and microsome were lecithin and phosphatidyl ethanolamine.
A fairly large quantity of sphingomyelin was found in microsomal fraction.
3) In fatty acid composition of individual lipid frac tions, there was a tendency for C 18:0 to be high in phospholipid.
The content of C 18:0 in simple lipid of subcellular fractions from Ehrlich ascites carcinoma cells exceeded that of the corresponding subcellular fraction from other tissues. This tendency was especially remarkable in mitochondrial fraction. 4) From the results mentioned above, considerable differences in lipid metabolism between normal tissues and cancer were noted.
Analysis of lipid metabolism in cancer cells may offer helpful suggestions for cancer chemotherapy. It has been recognized that cancer cells acquire their energy equally from respiration and glycolysis (Warburg 1956) Recently, Spector and Steinbeng (1965) , and Spector (1967) have shown that free fatty acids supplied exogenously were rapidly taken up by Ehrlich ascites tumor cells in unesterified forms, and that they were the major source of lipids for tumor cells.
With recent progress of cytochemistry, special interest has been attached to the study on lipid biochemistry.
Lipids in cancer cells may not differ from those of the original tissues in quality, but it is worth while to study lipid metabolism in cancer cells, especially to clarify the relation between cellular functions and lipid content. The lipid is the major component of cell membrane and it is occasionally the source of energy in cells under some conditions.
The present studies were undertaken to investigate lipid contents in Ehrlich ascites carcinoma cells and to study their fluctuations during the growth period of cells.
MATERIALS AND METHODS
Cell preparation:
The cell used in this study was a subline of Ehrlich ascites carcinoma cells maintained in the Research Institute for Tuberculosis, Leprosy and Cancer, Tohoku University.
They have been inoculated to male dd-mice by an intraperitoneal injection of 2 x 108 tumor cells per mouse. Each lipid fraction, except for free cholesterol fraction, was saponified with 30% KOH in 70% methanol and methylated with diazomethane . The methyl esters of fatty acids were analyzed on a gas chromatograph of Shimadzu GC-IB type with a hydrogen flame ionization detector. 
RESULTS

Lipid contents in tumor cells during the course of growth
Total lipid content was the highest at 10 days after inoculation . At 14 days it decreased to about half of the value at 10 days . At 18 days after inoculation, at the terminal stage, the total lipid content became slightly elevated ( Table 2) .
NEFA showed the maximum value in mitochondrial and inicrosomal fractions at 12 days after inoculation and gradually decreased to the value at 10 days ( Fig. 1) .
The fluctuation of triglyceride content ( Fig. 2 ) was similar to that of NEFA, and that of free cholesterol content during the growth period of tumor cells showed similar patterns in three subcellular fractions.
Free cholesterol increased remarkably at 16 days and decreased at 18 days after inoculation (Fig. 3) . Cholesterol ester content in mitochondrial fraction at 8 days was 0.26mg/g. It decreased gradually and showed the minimum value at 14 days. In microsomal fraction, a fluctuation similar to that of the mitochondrial cholesterol ester was observed. growth period and reached the maximum value at 16 days after inoculation (Fig. 4) .
Phospholipid content in mitochondria and microsome was 2.67mg/g and 2.92 mg/g, respectively (Fig. 5 ).
The amounts of phospholipids decreased gradually in both fractions and reached the minimum value at 14 days.
The fluctuation of phospholipid content in the supernatant fraction was not significant, and phospholipid content therein was not high. The ratio of indivi dual to total lipid in tumor cells is shown in Fig. 6 . The major constituent of lipids in tumor cells was phospholipids. It constituted 66-89% of the total lipids in mitochondria and microsome. The NEFA content changed remarkably, although the ratio of NEFA to total lipid was small in tumor cells.
Fluctuation of individual phospholipids
The results of determination of phospholipids by TLC are shown in Figs, 7 and 8. The major components of phospholipids in mitochondria and microsome were lecithin, phosphatidyl ethanolamine and sphingomyelin. In microsomal fraction, the ratio of lecithin to total phospholipid at 10 days after inoculation was 29%. This ratio increased to 45%, at 18 days . The ratio of phosphatidyl ethanolamine showed only a slight fluctuation . In mitochondrial fraction, the ratio of lecithin was highest at 15 days after inocula tion. On the other hand, the ratio of phosphatidyl ethanolamine was 35% at 10 days and remained almost the same at 18 days . However, there were no remarkable fluctuations in mitochondrial fraction.
Fatty acid composition Table 3 and Fig. 9 Phospholipid was abundant in. mitochondrial and microsomal fractions, that is, lipid in both fractions consisted mainly of phospholipid, 66-89% of total lipid being phospholipid during the growth period. It has been reported that in experimental hepatoma, total phospholipid content is lower than that of the original liver (Veerkamp et al. 1961 ).
According to Wallach (1960) , total phospholipid content in Ehrlich ascites tumor cells was lower than that of other epithelial tissues in accordance with the authors' results, which showed a decrease in phospholipid content in Ehrlich ascites tumor cells in comparison with that of the mice liver. Since lecithin synthesis from phosphatidyl ethanolamine is reported to be disturbed in cancer cells, the pathway for lecithin synthesis mentioned above becomes very important (Figard and Greenberg 1962) . Our results showed that lecithin was the most abundant phospholipid in mitochondria as well as in microsome. Therefore, it seemed very important to investigate the metabolic pattern of mitochondrial lecithin. Neither the incorporation of 14C-acetate into fatty acid nor the synthesis of fatty acid is remarkable in cancer cells (Aschore et al. 1958, Gore and Popjak 1962). Abraham et al. (1961) reported that the rate of conversion of carbohydrate into fatty acids was accelerated in mouse hepatoma. On the other hand, Weber et al. (1966) reported the contrary result. At any rate, only 7-10% of sugar are converted to fatty acids. Yamakawa et al. (1962c) reported that a considerable amount of NEFA was found in ascites carcinoma cells. Their result supports the speculation that the supply of fatty acids to cancer cells depends mainly on NEFA taken up from the external environment. In this respect, the studies by and Spector (1967) in this field have a great value.
Cholesterol synthesis takes place in the supernatant and microsomal fractions in normal liver, but no cholesterol is synthesized from acetate in cancer cells (Gore and Popjak 1962) . Siperstein (1966) pointed out disturbance in the mechanism of negative feedback of cholesterol synthesis in hepatoma. In our experiment, the presence of a large quantity of free cholesterol in microsomal fraction of tumor cells and an increase with time of free cholesterol seemed very interesting. Fatty acid synthesis takes place through malonyl CoA in the supernatant frac tion and through the system of chain elongation in the mitochondrial fraction. Bressler and Wakil (1961) , and Harlan and Wakil (1963) studied for the first time a system of chain elongation of fatty acid synthesis. Then Quagliariello et al. (1968) found that fatty acid synthesis took place mainly in mitochondrial fraction through the system of chain elongation and that this enzyme system was located at the inner membrane of mitochondria. Bhaduri et al. (1964) In parallel with some reports indicating high contents of C 18:0 in ascites tumor cells (Yamakawa et al. 1962c , Gray 1963 , our report revealed that the content of C 18:0 in simple lipids in Ehrlich ascites carcinoma cells exceeded that in normal mouse liver. Yamakawa et al. (1962a) , on the basis of the analysis of fatty acid compost-tion of NEFA in ascites carcinoma cells, reported that C 18:0 constituted 77% , C 16:0 16%, C 18:1 4%, and C 18:3 2% of total fatty acid , respectively. Therefore, C 18:0 is considered to be the largest constituent of NEFA . Spector and Steinberg (1967a) determined the amount of free fatty acids incor porated into tumor cells during the first few minutes ofincubation. They found that the results differed with fatty acids and that the amount of incorporated free fatty acids decreased in the following order: stearate>palmitate>oleatel> linoleate.
It seems that the uptake of C 18:0 from surrounding medium plays the most important role for the increment of C 18:0 in ascites tumor cells , because C 18:0 was most easily incorporated into tumor cells among all fatty acids.
It is, nevertheless, important to study fatty acid synthesis in mitochondrial fraction, which is reported to be the main site of C 18:0 synthesis. However, NEFA content in ascites is only 9% of the total lipids (Yamakawa and Ueta 1962c). Moreover C 18:0, which is the major constituent in fatty acid composition in simple lipids of tumor-bearing rat liver (Saito 1969) , was not so abundant in other tissues as in ascites tumor cells. Thus, it is possible that the rate of fatty acid synthesis also becomes enhanced in ascites tumor cells.
For the elucidation of the mechanism involved, fatty acid synthesis in the mitochondrial system should be investigated. A comparison of fatty acid compo sition among individual lipid fractions in the present study indicated that the content of C 18:0 decreased in the following order: phospholipid>simple lipid> cholesterol ester. This result was proportional to the rate of incorporation of fatty acids into ascites tumor cells which had previously been shown by Spector and Steinberg (1967b) . Yamakawa (1962a) remarked that the content of C 18:2, one of the essential fatty acids, was strongly influenced by foods.
In this study we noticed in gas chromatogram a peak of considerable size corresponding to C 22:4, which is believed to be converted from C 20:4. This suggests that the content of C 20:4, one of the C 18:2 series, changes depending on tumor strains or conditions of the host. There are numerous reports concerning fatty acid composition of cancer cells, and it is generally admitted that the tumor cells of ascites form have high C 18:0 content. Previously the author reported that, in Yoshida sarcoma-bearing rats, the fatty acid composition of host liver and host adipose tissues approached that of normal subjects when various kinds of anti-cancer drugs were administrated (Saito 1969) . Kudo (1971) also reported that the lipid metabolism of Ehrlich ascites carcinoma-bearing mice became similar to that of the tumor cells. Therefore, a study on lipid metabolism in cancer will offer a useful suggestion to cancer chemotherapy, when it is taken into consideration that the administration of anticancer drugs normalizes the lipid metabolism of a host under pathological condition and that lipids are closely related to the functions of cell membrane.
